A simple propagation model for the VHF and UHF bands is presented. The model is a computational form of the data provided by the FCC F(50,50) propagation curves, and it is aimed to be used by practicing engineers. It allows the estimation of median path loss, received power, or electrical field strength which usually is sufficient in many practical applications. The model is independent of frequency and is applicable to outdoor environments in a range of distances from about 0.5 mi (800 m) up to 40 mi (64.36 km) and transmitting antenna heights from 100 ft (30.48 m) up to 2000 ft (609.6 m), and is based on a receiving antenna height of 30 ft (9 m).
In the model, path loss is characterized by an attenuation factor, in this case, the exponent of distance; i.e. it is assumed that path loss does not follow an inverse square law of distance as in free space propagation, but a law of the inverse of distance raised to an exponent, in general greater than 2, even when in particular environments, such as aisles in buildings or tunnels, it can take values smaller than 2. In this work, the model is intended for outdoor propagation where the values of the exponent are, in general, greater than 2. In this model the received isotropic power at a distance d from the transmitter is given by: 2 4         π λ = n rad iso d P P watt (1) where P rad is the effective isotropic radiated power in the direction of the receiver, d is the distance between transmitting and receiving antennas in meters and λ is the wavelength in meters. The value of n intrinsically embeds the effects of all propagation mechanisms: attenuation, diffraction, reflection, etc. No attempt is made to establish a relationship between n and the physical aspects of the channel. However, it seems clear that the higher the effects of scattering mechanisms, such as attenuation, diffraction, diffuse reflections, etc., the smaller the received power, and the higher the value of n.
Path loss in dB is usually expressed as L = 10 log (P rad /P iso ), therefore, from (1), it can be calculated as:
Where d is in meters. If, in the above expression d is given in miles, path loss can be calculated as:
where L 0 is the attenuation at 1 m in free space:
Model (2) has been used for indoor as well as outdoor communications, and several versions have been treated previously in the literature [2] [3] [4] [5] . It also must be stated that no simple relationship can be established between n and the various and, in general, complex physical processes that affect path loss. In general, it is not possible to quantify the individual effects of the scatterers and, therefore, the predictions that can be obtained with any propagation model, including this one, are only an approximation. In any case, the reasonably accurate estimation of path loss is fundamental in the power budget of any communication system.
In the above expressions, no clear dependence of n with frequency, distance or antenna height appears. In order to establish the dependence of n with respect to frequency, a campaign of measurements was performed at various frequencies in the VHF and UHF bands, from 100 MHz to 800 MHz, and the results are reported in [6] . It appears that n is independent of frequency, a result that is in concordance with the findings reported in [6] and with the very nature of the F(50,50) propagation curves.
On the other hand, the dependence of n respect to distance and transmitting antenna height is not evident, and a vast amount of measurements would be required in order to establish such dependence experimentally. Instead of that, we attempted an indirect approach using the data obtained from the FCC F(50,50) propagation curves for television broadcasting in the VHF and UHF bands. An empirical model was developed, that is applicable to outdoor propagation environments at distances between around 0.5 and 40 miles (0.8 to 64 km) It is well known that the FCC F(50,50) propagation curves have been in use successfully since many years by practicing engineers, and provide adequate estimations of field strength, and indirectly, of received power for a vast amount of practical cases. Such curves were developed using measured values, taken in different geographical areas over different periods of time, and provide the median values of field strength for service at 50% of locations during 50% of the time. Therefore, such curves reflect reliable experimental data not derived from theoretical models [7] .
It must be stated however, that the model proposed here does not pretend to be better than others in use. It is a well known fact that different propagation models often yield conflicting results and it depends on the experience and good judgment of the engineer the final decision on what particular model reflects better the practical results. The model presented here offers an alternative of easy application by practicing engineers which are always faced with the frequently difficult choice between predictions or calculations, and measurements [8] and, in some way, combines both in a simple way. Furthermore, the model is independent of the type of communication system; i.e. if it is analog or digital, but id does not provide any information about angles of arrival, delay spread, etc., neither it provides any other information about channel dynamics; only the mean (or median) value of path loss, which is sufficient for most practical applications.
II. DEPENDENCE OF THE MODEL WITH DISTANCE AND TRANSMITTING ANTENNA HEIGHT
To establish the dependence of n with distance and transmitting antenna height, field strength values were obtained from a set of F(50,50) curves, for distances from 1 to 40 miles (1.6 to 64.36 km), and for transmitting antenna heights from 100 up to 2000 ft. The curves assume a constant receiving antenna height of 30 ft (9 m) and corrections must be made for other heights [8] . For distances up to about 30 miles (48.3 km) the F(50,50) curves for frequencies above 470 MHz are not based on measured data, and theory would indicate that the field strength should decrease more rapidly with distance beyond the horizon for frequencies in the VHF band [1] . Several sets of field strength values were taken for constant height at different distances, and analyzed afterwards. In this analysis British units were used, so appropriate care must be taken if SI units are used, since the coefficients of the model are not the same in the two systems of units. In Appendix 1, the adequate coefficients in SI units are also presented.
Even when field strength values from the curves are referred to an EIRP (P rad in (1)) of 1 kW, calculation of the isotropic received power is straightforward for any other vale of P rad and the value of n can be easily obtained from (1) as:
where L 0 is defined by (4) and the equivalent isotropic radiated power (P rad ), as well as the isotropic received power (P iso ) are in the same logarithmic units (dBw or dBm). The latter can be easily obtained from the field strength as:
Where E is the field strength in V/m obtained from the F(50,50) curves, and it must be stressed that in the above equations, n is the median value of the exponent of distance. Actually, the mean and median values of the exponent differ only in the order of 1% and, for our purposes, are considered as equivalent here.
The procedure followed to obtain the value of n from the F(50,50) curves was, first, to read in the curves the values of E for different transmitting antenna heights and distances, then using (6), obtain P iso and, finally, obtain n using (5) .
From (5) it seems apparent that n depends on distance; however, the relation is not straightforward since P iso also varies with distance. If the dimensions of the coverage area are small, such as those found in indoor or cellular environments of small radius, the mean value of n is fairly constant [2] and no clear dependence of n with d appears. To establish such dependence, either measurements in a considerable range of distances are required, or alternatively, as done in this work, use already existing data such as provided by the F(50,50) curves.
As can be appreciated from figures 1 and 2, the exponent of distance is a function of two variables, distance and transmitting antenna height. It is also a function of the receiving antenna height, however, for our purposes here, a constant receiving antenna height of 30 ft (9 m) was assumed, since the F(50,50) curves are based on this assumption.
Actually, three models can be derived from figures 1 and 2. One in which n varies with distance and the transmitting antenna height is kept constant, which is the usual practical case. Other in which n varies with transmitting antenna height keeping the distance constant. The previous two models are unidimensional, and a more complete bidimensional model where n = n (h , d) can also be developed and is the one we present in this paper.
III. THE MODEL
Following the procedure described in the previous section, a set of values of n for different distances and transmitting antenna heights was obtained, and several attempts to fit the values of n to mathematical functions were made, namely: logarithmic, exponential and polynomial. The best fit was obtained with a polynomial model of fourth degree with the form ∑ ∑ = = = 4 0 4 0 i j j i ij d h a n (7) Fitting was performed with Stanford Graphics® software to obtain the coefficients a ij when h is in feet and d in miles. Such coefficients are given in Table 1 , and in the Appendix, the corresponding coefficients for SI units, i.e. for h in meters and d in km. It must be noted that even when some of the coefficients appear to be very small and, apparently, they could be neglected, for example, if a 44 is made zero, the results deviate considerably from the correct ones as h or d increase. Therefore, all coefficients with the decimal places shown, must be used in implementing the model. Simpler, unidimensional models with less coefficients can also be derived for n as a function of distance or transmitting antenna height alone. The model presented here is the more general bidimensional model, applicable to both cases.
IV. PROCEDURE TO OBTAIN THE RECEIVED POWER AND THE ELECTRIC FIELD STRENGTH FROM THE MODEL
Model (7) provides the value of the exponent of distance in terms of transmitting antenna height and distance between transmitter and receiver. In order to obtain the received power, or the electric field strength, several calculations are required, as indicated below.
a) The value of n being known, path loss in dB is calculated using (2) or (3).. b) Isotropic receiver power is now calculated in logarithmic units as:
where P rad is the equivalent isotropic radiated power (EIRP) in the direction of the receiver, and L is the path loss in dB. c) Finally, the field strength can be calculated from (6) as:
The model fits very well with the values read from the F(50,50) curves as can be appreciated from figures 1 to 4. In figures 1 and 2, the variation of the exponent of distance is plotted with respect to antenna height and distance, respectively. Figures 3 and 4 show the field strength for both cases. In the figures, broken lines with circles indicate values from FCC curves and continuous lines, the values calculated with the model The maximum deviation between the values of n obtained from the curves, and those calculated with the model is of 1.23%. The maximum deviation between the field strengths obtained from the curves and with the model is of 0.48 dB, with maximum errors of about 0.65 dB. 
VI. CONCLUSIONS
A simple computational path loss model has been derived from the FCC F(50,50) curves. Such curves were developed using measured values, taken in different geographical areas over different periods of time, and provide the median values of field strength for service at 50% of locations during 50% of the time. Therefore, such curves reflect reliable experimental data not derived from theoretical models. In the model, the exponent of distance is characterized as a function of distance and transmitting antenna height. From this parameter, mean or median path loss, receiving power and field strength are easily obtained.
Fitting of the model with F(50,50) curves is very good for distances between 0.5 mi and 40 mi and antenna heights up to 2000 ft. Values are based on a receiving antenna height of 30 ft, therefore corrections are necessary for other heights.
The model does not require particular computational effort and is of simple application for practicing engineers who do not require a deeper knowledge of channel dynamics. The model is also independent of frequency and may be used for broadcasting applications as well as for outdoor communication systems.
APPENDIX. MODEL COEFFICIENTS FOR SI UNITS
When transmitting antenna height is given in meters, and distance in kilometers, the following coefficients must be used in model (7) . 
